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2. Robustness and flexibility, two sides of the same coin? 
Robustness and flexibility are intuitively understood as 
abilities to withstand or respond to change [9]. And even 
though research in these fields has been conducted over more 
than half a century, their characteristics or features have never 
been defined satisfactorily. 
Snyder and Schneeweiß for example define robustness in a 
very general way as a systems impassiveness or ruggedness 
towards randomly occurring changes within its environment 
[10,11]. Meepetchdee and Shah define the robustness of a 
system, in a akin way as its ability to perform its designated 
tasks despite disturbances [12]. A similar definition is offered 
by Telmoudi [13]. A similar understanding of robustness can 
also be found by Rossi, who defines robustness as the 
production systems ability to compensate deviations in the 
numbers of manufactured products within a given timeframe 
[14]. According to Rossi the robustness of a production 
system is determined by the minimum magnitude of 
disturbance (number of products in a defined timespan) that 
may lead to break a given deadline. 
Scholl in comparison defines a production systems 
robustness in connection with its stability. Stability according 
to Scholl is defined as the variability of results, including the 
hypothesis: the less a result varies the more stable it is. A 
result is defined as robust by Scholl if it is not only stable but 
also on a high level [15]. This idea of robustness as a 
ruggedness towards change and the stability of a systems 
output or performance when exposed to change is also an 
integral part of the works of Chen and Lewis. In their work 
they define several different types of robustness, of which 
only the one they labeled as type II robustness is of interest to 
this paper. 
They explain that a robust (type II) solution or system will 
not necessarily be the ideal but will be stable in its 
performance when exposed to change [16]. In this case the 
designer is not aiming for the best solution but for flat bit on 
the curve that is near the performance target. If the indicator is 
the performance, the target is to get it as close to M as 
possible and the system desired is supposed to be robust, the 
designer will in case of the curve displayed in Fig. 1 aim for 
the flat part of the curve close to the optimal solution, 
indicated byߤ௥௢௕௨௦௧. 
 
 
Fig. 1. Type II Robust Design [17] 
The work of Chen and Lewis was amongst others picked 
by Saleh, Hastings and Newman, who analyzed various 
concepts regarding robustness and flexibility in search of a 
general definition [9]. According to their findings these two 
terms can, due to the variety of definitions and concepts, be 
used almost interchangeably. In order to provide a clear 
distinction between flexibility and robustness they defined the 
latter one synthesizing from various definitions and concepts 
as “a property of a system which allows it to satisfy a fixed set 
of requirements, despite changes occurring after the system 
has entered service, in the environment or within the system 
itself, from the nominal or expected environment or the 
system design parameters” [9] p.67. This definition will be the 
foundation of the following arguments. It should however be 
mentioned that this is only one definition for robustness and 
not all existing work on the subject can be limited to this 
perspective (e.g. [13,14]). 
Of all the concepts mentioned above the most extensive 
research was conducted around flexibility. Picking up the idea 
of elasticity [18] and the works of [19] as well as [20] and 
[21] the concept of flexibility began to evolve around the mid 
1950ies, starting with the early works of [22,23] or [24]. Their 
work was developed further by Jacob [25,26], Meffert [27,28] 
and Mandelbaum [29] in the 1960ties and 70ties. 
Mandelbaum for example defined flexibility in a very 
unspecific way as an effective answer to a changing 
environment [29]. This rather general definition was the 
foundation of nearly all following attempts to define 
flexibility. Following the growing amount of attention the 
field of flexibility due to an increasingly unpredictable and 
faster changing environment two tendencies intensified. On 
the one hand the definitions developed were more and more 
specific and focused on certain areas or problems related to 
the necessity of adaptable system design. Examples are [30–
37] that defined amongst others material handling flexibility, 
machine flexibility, operation flexibility, volume flexibility 
and many more.  
These more specific definitions provided a way more 
distinct view of what flexibility is and what dimensions it has. 
It also resulted to a point where various definitions existed for 
the same basic issue and at some point contradicted each other 
[38–40]. This led to several attempts to structure and 
consolidate this field of research and also develop some kind 
of flexibility hierarchy in order to connect certain kinds of 
flexibility with the organizational structure of a production 
system [38,41,42], see Fig. 2. 
On the other hand hightened attention was paid to the 
question of measurability. Flexible production systems that 
are capable of responding to a certain amount of change are 
usually more expensive than those that do not [43,44]. 
Flexibility usually increases the necessary initial investments 
as well as running costs [45,46]. This is generally attributed to 
aspects like the machines scope of application, their capacity 
diameter or the design of the layout and the available 
development options. Despite the higher costs such systems Design Variable
Robust 
SolutionOptimized 
Solution
M
±ǻȤ ±ǻȤ
Performance
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can be cheaper in the long run, depending on the development 
of the environment [43,47], . 
 
Fig. 2. Linkages between various flexibilities [38] 
In order to find the right balance between the benefit 
arising from a certain flexibility and the costs, various 
concepts have been developed over the last decades. The 
types of flexibility addressed, like the definitions mentioned 
above, vary significantly [48–50]. One of the major 
difficulties in assessing flexibility is (like mentioned before 
for the field of robustness) the often unspecific definition of 
flexibility and the question of where flexibility ends and 
where do other concepts like changeability or agility start. 
More recent definitions of flexibility therefore tend to restrict 
the notion of flexibility in order to facilitate its quantification. 
Abele and Nyhuis et.al. defined flexibility as an immanent 
potential for the fast and economically valid adjustment of a 
production system within certain anticipated corridors [51–
54], see Fig.3.  
 
 
Fig. 3. Flexibility and Robustness as a function of the system`s objectives and 
environment [51] 
Due to the vagueness of the terms fast as well as 
economically valed and the resulting room for interpretation 
this definition was further detailed by Kuhn et.al. in order to 
eliminate this potential fuzziness and facilitate an exact 
quantification of a production system`s flexibility. Flexibility 
is therefore defined as the immanent potential of a production 
system to react to changes within its environment without 
changing its structure, altering resources (human as well as 
machines) or facilitating control measures that exceed the 
operational level [55–57]. This definition on the one hand 
significantly limits the options for adaptation or reaction 
towards change, since some types of flexibility are excluded, 
e.g. expansion flexibility. On the other hand it provides a very 
distinct frame for the quantification of the different flexibility 
corridors of a production system.  
The quantification of flexibility therefore allows an 
assessment of the permitted fluctuation band acceptable for 
different key figures within a given production system`s 
configuration. This quantification of the expectable 
fluctuation band of indicators allows clues about the system’s 
ability to compensate changes of the guiding objectives the 
production system was designed to fulfill. This possibility to 
measure the ability of systems to compensate change is 
important for the assessment of robustness, inasmuch as 
flexibility is according to [9] a somewhat higher good or 
ability than simple robustness. This is attributed to the 
flexibility`s quality to compensate changes of the systems 
objectives (see Fig. 4). 
 
 
Fig. 4. Flexibility and Robustness as a function of the system`s objectives and 
environment [9] 
This assessment or classification of robustness and 
flexibility however is only one amongst many. Stark et.al. for 
example offer a classification in which flexibility and stability 
are the two elements constituting a production systems 
robustness [58]. 
3. Flexibility based assessment of robustness 
The ability of flexibility to compensate changes within the 
environment as well as within the system`s own set of 
objectives indicates, that concepts for the assessment of 
flexibility can also be used for the assessment and 
quantification of robustness if the objectives are considered 
fixed. However, in order to fully assess the robustness of a 
production system it is necessary to apply a concept that 
includes all of the relevant types of flexibility, since many 
types of flexibility build upon others.  
Over the last couple of decades a number of concepts for 
the quantification and assessment of flexibility have been 
developed (e.g. [59–67]). Most of these concepts focus on the 
assessment of a certain type of flexibility or require additional 
constrains that significantly limit their usability [52,57]. 
Especially the adequate consideration of the human workforce 
and all its relevant parameters (capacity, cost and 
qualification) often is missing. This is also the case with many 
concepts for the assessment of robustness (e.g. [13,14]). In 
Market
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most cases these factors are only considered afterwards or 
without fully considering their qualifications. A major reason 
for this is the sequential planning approach most concepts as 
well as nearly all ERP, PPS or MES software products rely 
upon. In this case the workforce will be assigned to the 
machines only after these have been assigned to the respective 
materials or processes. This on the one hand neglects the 
significant influence every individual within the workforce 
has due to his or her individual skillset on flexibility and 
robustness and on the other hand also prevents certain 
process-employee-machine constellations to happen, which 
increases the potential of deviations from the calculated 
corridors to the system`s real potential. This, due to the direct 
link between the basic and higher flexibilities, leads to 
unreliable or inaccurate assessments of volume and market 
flexibility resulting in oversized and expensive production 
systems. 
In order to solve this problem and enable an exact and 
differentiated quantification and assessment of flexibility as 
well as robustness the authors developed a new way of 
allocating processes and the primary production resources. 
This approach is based on the idea of a direct, expertise-based 
link between these three parameters. This direct allocation of 
processes, machines and workers also bypasses the rigidness 
of work plans - the main reason all modern ERP, MES or PPS 
software products as well as specific tools fail when it comes 
to flexibility and comparable concepts - and thereby facilitates 
the calculation of higher types of flexibility, since those are 
significantly constraint by the underlying types [57]. 
The entire approach is embedded in the process chain 
instrument developed by [68–72] and cross-linked with the 
concept of receptors by [7,73]. This is in order to provide an 
opportunity to reduce the relevant number of instances within 
any given subsystem down to an acceptable level and thus 
generating optimization problems that can be solved with 
well-established methods (e.g. [13,14,52]). Due to the 
integration of all the flexibility relevant criteria of the 
production factors the different flexibility levels as well as 
characteristics of each subsystem can easily be assessed and, 
following the logic of the self-similarity of the process chain 
instrument, aggregated to higher levels. The use of the process 
chain instrument as a structural framework and its ability to 
consistently connect all relevant objects on an unlimited 
number of organizational levels provides the cornerstone for a 
holistic assessment of flexibility and robustness. In doing so 
the robustness of a system can either be measured by the 
maximum compensateable shift within the production 
program (comparable to the volume flexibility or the work of 
[14]) the redundancy in machine and process capacity or skill 
levels or the failure probability of different machines. These 
simulation runs can be carried out testing different internal or 
external changes. 
4. Conclusion and Outlook 
The authors showed that depending on the definition of 
flexibility and robustness significant similarities and 
parallelisms can be identified. These similarities enable the 
usage of concepts for quantifying flexibility for assessment of 
robustness within production systems. However, the number 
of serviceable concepts is somewhat limited due to the often 
fragmentary consideration of the relevant resources. In order 
to solve this problem the authors developed a new way of 
allocation processes and resources in order to fully assess a 
production system`s flexibility and robustness. The results of 
this research are currently integrated in a new tool for 
dynamic and continuous factory planning and assessment 
which is under development at the chair for enterprise 
logistics at TU Dortmund sponsor by the BMWi in the 
context of EXIST – Existenzgründungen aus der 
Wissenschaft. 
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